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(57) ABSTRACT

A method of reading data in and outputting data from a
memory structure includes a buffer. In the present method,
first read operation is undertaken to read a first set of data in
the memory structure and provide data of the first set of data
to the buffer, using an output clock. A first output operation
is undertaken providing data read in the first read operation
from the buffer, and a second read operation is undertaken
to read a second set of data in the memory structure and
provide data of the second set of data to the buffer, using the
output clock. A second output operation is undertaken pro-
viding data read in the second read operation from the buffer.
In the event that the completion of the first output operation
would occur prior to the completion of the provision of the
data of the second set of data to the buffer, a flexible time
delay approach is undertaken so that, between the comple-
tion of the first output operation and the beginning of the
second output operation, the minimum number of latencies
are added as needed to insure that the provision of the data
of the second set of data to the buffer is completed prior to
the initiation of the second output operation.

15 Claims, 36 Drawing Sheets

Change w/l Read
D8,09,D10,D11
55ns

[ x | x| x

x D0 D1[D2] D37 D4[D5[D6 [D7 D8] D9 |

—3 k— 17.5ns

]

L

[x [ x [ x [ xD1]D2 [D3%D4 [D5 [D6 [D7°]D8 D9 [D10)]

|

L

| x [ x | x [ x{D2]D3] yJD4 [D5 [D6 [D7Y D8 [D9 [D10]

_

L

| x | x [ x [ x{D3] y [ y¥D4[D5 [D6 [D7’D8 [D9 D10




US 7,158,442 B1

Sheet 1 of 36

Jan. 2, 2007

U.S. Patent

-

(12013 ndinQ)

(LYY HOI4d) I 34N9I4

leubig ndino

0S

Ll

leubis pesy



US 7,158,442 B1

Sheet 2 of 36

Jan. 2, 2007

U.S. Patent

(1¥V HOIdd) 2 34N9i4
az 34nsi4

ealsal z [zalealsalyal A [A [ Aleal x [x [ x| x |x |

[ | [ ] [ ] [
¢ 3dNOld

lealeakz |2alealsalral A | £ [ealzaix [ x [ X [ x [ x|

DI N N

dZ 3dNold

6aleakz [Zajsasalval A [ea[ea[lQlx [ x [ x [ x [ x |
D D -

V¢ ddNOId ..y «

6|80k z |£a|9d|salraigalzalialoQix | x [ x | x [ x |

DI N N

SUGG suQdy sugg
iLa‘ora’sa‘’sa /a‘ea‘sa‘ra ‘c@‘zca‘ta’oqa
peay ymebuey)y  peay /M sweg peay |enu|




US 7,158,442 B1

Sheet 3 of 36

Jan. 2, 2007

U.S. Patent

(LYY H0Idd) € 34N9I4
as 34nsi4

kz /0] 9a/sa|vakh [ A | Aledfx | x | x | x|
i — -

Q¢ 3dNoid

[2a] eadlsa[val L | Aledledx [ x | x| x |
e R

d¢€ 3dNoOld

|,a] 9a{sa|valk A [eadlzaliakx | x | x | x |
e S T

Ve JHNOId ..

.z [,a] ealsalvalealzalialoalex [ x | x [ x|

e S S N

SuGgqg SUQy SUgg
Lra‘ora‘’sa’sa 2a‘'9d’'sa’'va ‘e@‘za‘ia‘oa
pesy |ym abuey) peay |/m swes peay [eniu|



US 7,158,442 B1

Sheet 4 of 36

Jan. 2, 2007

U.S. Patent

(1YY HOI4d) ¥ 34noI4
ay 3¥NoI4

ez 120 od Joa [va L A | A ] K [edjx [ x [ x |

—
—>
or 3H4NOI

2z 120 [9a [sa [va [ A | A Jed [ed kx [ x [ x |

o~ o~ L
D _ ) [
dv 3dNOld

.z [20 |9d |sa [va [ A [eafea] 1adkx [ x | x |
_ S
V¥ 34NOld ww e

kz [/aJeaJeaJvaledafzaliajoafkx [ x [ x |

D _ D [
2 E.om%n_m.wo_mo no.om_h_omﬂ_.vo .mo_Nwm.m_‘mo.oo
peay |/m abueyd peay |/m swes peay [eny|



US 7,158,442 B1

Sheet 5 of 36

Jan. 2, 2007

U.S. Patent

(1YY ¥OIY¥d) S I3HNOI4
as 34nol4

l6ajeajalealsalralz [A AT AJeakx [ x [ x [ x x|

SIS I R

9§ 3dNOl4

ﬁo_moFMoo_mo_EWv_ ALA _mo_moﬂw_ X [ x| x| x|
—

dg 3dN9Old

Wo_mor%mo_mo_vom_ A _mo_No_EM_ x[x[x[x]
—

VG IdNOId ..

[6a[8a]Za[oalSal¥A] z [€Q[2a[+aJ0akx [ x [ X [ X | X |

DI N N

suQy sSuGG sugg
8Q0'/@'e9a‘sa /d‘'ed’sa‘va ‘ed‘za‘iaoa
peay |/m aweg  peay |/m abueyd peay [eqiu|



US 7,158,442 B1

Sheet 6 of 36

Jan. 2, 2007

U.S. Patent

(LYY HOIldd) 9 34NoI4

d9 34NoOl4

(80 za]ealsa|valez

ARl Aleax [x [x [ x|

Tv

—
D9 F4NOI4
[edisa(oalsavakz [ A | A [eafezdfex [ x [ x [ x|
— - -
g9 34NOI4
(8a]zaleajsalvakz | A Jealzaliakx [ x [ x ] x ]
SIS

vo3dnoIld .., .
_morﬁ,oo_mo_vo_?ﬁmo_NQ_E_oo_A_Mv_x_x_x_
—

sugy
LiLa‘'ora’sa’sa
peay |/m awes

SuGg
Za‘ed’'sa'va
peay i/m abueyn

sSugg
‘ed‘za‘ta’'oa
peay ey



US 7,158,442 B1

Sheet 7 of 36

Jan. 2, 2007

U.S. Patent

(LYV HOI¥d) Z 34n9I4

UECISE
ZaJod[sa[valz [ K] A A€l x [ x| x|
D ,/v ) —
9/ 34NOIA
_mB_oo_mo_voI/ KJed[ed o x | x| x|
- //w ) —
a/ 34noI4
(Z0 90 [ [¥ajz [ A[ed[eda]+d . x [ x | x|
N ) -
VZIHNOI ey e
(Z0[o0[sa | vd |z [ea]ea[ia|od x| x | x|
D ) — ~
supy sugg sugg
LLa‘ora'ea’sa /a'ed’'sa‘'va ‘eQ'za‘taod
pesy I/m awes peay |/m ebueyd pesy [enu|



U.S. Patent Jan. 2, 2007 Sheet 8 of 36 US 7,158,442 B1

UNDERTAKE READ
OPERATION ON
FIRST DATA SET

!

CLOCK OUT DATA
FROM BUFFER,
UNDERTAKE READ
OPERATION ON
NEXT DATA SET

|

ONLY IF NECESSARY, ADD
MINIMUM NUMBER OF OUTPUT
CLOCK CYCLES TO OUTPUT OF

DATA FROM BUFFER TO
PROVIDE THAT READ
OPERATION ON NEXT DATA SET
IS COMPLETED PRIOR TO
INITIATION OF CLOCK OUT OF
NEXT DATA SET

FIGURE 8



US 7,158,442 B1

Sheet 9 of 36

Jan. 2, 2007

U.S. Patent

6 34NOld
de6 3dNold

l6alsalez |zalealsalvaies [A [£ Jedlex [ x [ x [ x [x ]

SR R a—

96 JdN9OI4

16aleakz |zalealsalvals | A [eajedex [ x [ x [ x [ x]

D NS R

d6 4dNoOld

lealeakz |,ajealsalrals [ealzaliakx [ x [ x [ x| x|

DI N

V6 3dNOId ..y

lea|sakz [zalealsalvalgalzalialoafx [ x [ x [ x [ x]

DS N

m:mm SUuQy SUGg
lLa'ora‘sa’sa 2a'sa@'sa‘va ‘c@‘za‘ia‘'oa
peay |/m abueyy peay |/m sweg peay ey




US 7,158,442 B1

Sheet 10 of 36

Jan. 2, 2007

U.S. Patent

0l 34NOld
dol 34noOld

loral 6a]| saksal 9al sa] vakh [ A Jeakx | x|

x

T

—
Q01 F4NOI14
loLal ea) sasal 9al sal vak X [eafzakx [ x [ x [ x |
o Dy -
d0l 34N9li4
loral ea| sal.zal eal sal vakealzaltakx [ x [ x | x ]
S e) S —
VYOI F3dNOId vy
|6a|salaloalsalvalealzaliafoakx [ x [ x [ x ]
— — P —
sSuGgg sugy sugg
Lia‘ora’sa‘sa /a'ed‘'sa‘'va ‘e@‘za‘ta‘od
peay ym abuey) pesy |/m aweg peay [eniu|



US 7,158,442 B1

Sheet 11 of 36

Jan. 2, 2007

U.S. Patent

L1 34NOld
dll 3dNol4

[ora]ea[ealzafoalsalval A [eakx | x | x|

DE

—
oLl J4N9l4
[ora]ea|sazafoea]sa]valeal]zakx | x | x |
SIS N
dlLl 34NSOIi4
lsa|salualoa]salvalealeal|akx | x | x |
L _Iv I
Vii 3d4N9I14d .. o
[ lla[ealsalvakealealraloafx [ x | x|
_ SN

SUGg SUuQp SUgg
11a'01LQ'6Q'8d (a'ea'sa'va  ‘ed'za‘’ia‘od
peay /m abueyd pesy |/m auwes peay |en|



US 7,158,442 B1

Sheet 12 of 36

Jan. 2, 2007

U.S. Patent

¢l 4dNOld
dcl 3dNoOld

[6alealzalealsalvakz [ A [ £ | A [eaix [x [x [x [X ]

DI R N

¢l 34NOI4

6a]8a¢ajeqlsalvakz | A A Jed[edlx [x [x [x [x ]

DS N

dcl 34Nn9i4

16a[eayalealsalvakz | A [ealzafiakx] x| x] x] x]

DI S R

V2l FdNOId  way

lsa|salealealsalrakz [ealzalialoafx [ x [ x [x [ x|

DI N N

suQy SuUgg SUgg
LLa‘ora‘sa‘sa £Q'90'sA'vd 'ta'za‘1a‘'oq
peay mawes  peay |/m abueyn peay feniu|



US 7,158,442 B1

Sheet 13 of 36

Jan. 2, 2007

U.S. Patent

€l 34dNoOid
dcl 34NoOid

[6a]8did]oafsalvalz | A [ Afedfx [ x [ x| x]

e ) -

ot JdNOIld

[6a[sazalealsalvakz [ A [eafeakx [ x [ x | x|

e T NS N

d€l 34NnoOild

|6a|salLg oﬂmo_voM_mo_S_Ey_ x | x| x|
™ -

VEL JdNOId .4 ¢

|6a|esalualealsa|valealzalialoak x [ x [ x [ x]

= R

suQdy Sugg SuGgg
LLa'orad’sa’sa ,a'9a‘sa‘'va ‘ed@‘ca‘'ira‘oa
pE3Y /M swes  peay /m abuey) peay [eniuj



US 7,158,442 B1

Sheet 14 of 36

Jan. 2, 2007

U.S. Patent

1 3dNOld
avl 34N9Ol4

[ Tsalzalod[sa[va k2 | K€ fx [ x| X

)

—
vl JHNOI4
_ |8a /0 [ 9a [sa|[vdfz [eafealx | x | x|
—_ 7
dvl 3dN9old
L [eaksaloa[sal[vakealea|afkx [ x [ x ]
— ) — -
V¥l 3dN9OId way ke
|8ad /a loa|sa|vafeafzalialoafkx [ x [ x|
I e S —) n

suQy SuGG sugg
Li@'oira'eq’sa ,a‘'ed’sa‘'va ‘e@‘'za@’ta‘oa
peay |/m sweg peay |/m abuey) pesay |eqiu|



US 7,158,442 B1

Sheet 15 of 36

Jan. 2, 2007

U.S. Patent

g1 3dNOld

_ 30A

Ul dsnsq

nui-Apq

aldd1INITaM¥1D [oﬂ

a1y Apg

00A

PUZINI LA

HOLivama

gaNZLNI

9ANCLNI

o]

X9191
X101 X3

q Zdsnsg

8ZdSNnsa
QY¥ANOD3s

L9GSM

(2) 14HS
(9) 14HS
(g) 1dHS

A g2dsns8 QYANOJ3S
——AQ9LINI
ATOLINI L9GSM



US 7,158,442 B1

Sheet 16 of 36

Jan. 2, 2007

U.S. Patent

91 3d4NOld

o] AGELINI

(2) INNOD

givy
- QANH © vy
(2) a.L4HS

—

WIOLINI oA“

QYAaNOO3S

——  (§) LdHS

8Q4ANOD3S

aovy
||Q’@ (€) INnOD M (€) 9L4HS
(2) INNOD
g/9GSM
QQH Mvw a14HS
1) vy
oM (0) vy




US 7,158,442 B1

Sheet 17 of 36

Jan. 2, 2007

U.S. Patent

Ll 3dNOl4

L /9GSM
—{(G) 14HS
——(¥) LNNOD

M1917X3 lom

L—(€) INNOD

givy

——(2) LINNOD

L=

gy

=

(v) 814HS

aLvy
(€) gLdHS

(1) vy
aovy
(@) 9.L4HS



US 7,158,442 B1

Sheet 18 of 36

Jan. 2, 2007

U.S. Patent

HAAV1IvM

61 3d4N9Id

(») ANNOD
(€) LNNOD
givy

aovy
geim (€) a14HS

\

(2) INNOD

axomgd

D|0A_\6 1NNOD
oQH aivy

(@) 14HS
a1vy
o] - 80V
(1) 814HS

81 3dNOld

ONVH4
1S¥N8dols
‘ g.1s4ng

¥101S AU|om

SOLIYME HOAVLIVM
QyaNod3s
AQVI108 AQELIVM




US 7,158,442 B1

Sheet 19 of 36

Jan. 2, 2007

U.S. Patent

4
>n_m:<>>‘oQH4

| 34NOIld

LOGSM A o

LINITEM10

0Z 3d4N9Ol4d

HDHXQOH A

MOLIVAE

(2) INNOD
QQ,\H@ INNOD
(S) INNOD

<]

F——8a¥aNoO3s

AQELINI A

F——QYAaNO0O3S

| /95SM
— (#) L4HS

— (¥) INNOD
— €ZIM

l—(¢) INNOD
—— €ZM

| 8aLVY M3

ﬁﬁ(lﬁﬁ

(2) LNNOD
—— €M




U.S. Patent

Jan. 2, 2007

Sheet 20 of 36

US 7,158,442 B1

FIGURE
22A

FIGURE
23A

FIGURE
24A

FIGURE
25A

FIGURE
22B

FIGURE
23B

FIGURE
24B

FIGURE
25B

FIGURE
22

FIGURE
23

FIGURE
24

FIGURE
25

FIGURE
26A

FIGURE
27A

FIGURE
28A

FIGURE
29A

FIGURE
26B

FIGURE
278

FIGURE
28B

FIGURE
29B

FIGURE
26

FIGURE
27

FIGURE
28

FIGURE
29




US 7,158,442 B1

Sheet 21 of 36

Jan. 2, 2007

U.S. Patent

V¢ 3dNol4

0 »oixa

0 AQ9LIVM

0 X910L

_
|

0 ¥aaviivm

I [ I
_ i k— sszz —) |
8@l 14a] lea] lsa lval |eq@[ leal 1vd] lod| ] xm [ 1x [ 1x
(@ (oQ)

(2) AEV_ (ga) (ca) (¥a) 8@ (za)

j 1INI"AQ8

L axdy AGH

LELdMOF AGH

0 AQALNI

0 SANZLNI

_ 0 MOolivma

0 QAaNOQO3S

—_ ] — ..



US 7,158,442 B1

Sheet 22 of 36

Jan. 2, 2007

U.S. Patent

d¢c 34dNold

ONISSOYD AYVYANNOY

_
_A AL Qva GRHL “ LNOHLIM Qv3y ANOD3S |.V_ VA VLN
i i 0= QHOM _ 0
_ i _ sug'zz
_ i [ 0
[ ! !
_ _ ! €=31V1S LIVM b
i | _
_ _ ! 0
_ | !
_ _ _ 0
[ _ !
[ [ [ 0
| _ !
! ! [ 0
[ ! _

1

[

T

(o 1lvy

[2lLNNOD

[elLNNOD

[¥1LNNOD

[slLNNOD

[9lLNNOD

[Z1LINNOD

lolaLdHS

(1lgLdHs

[ZlaraHs

lelaldHS

[plaLdHs

[slaLdHs



US 7,158,442 B1

Sheet 23 of 36

Jan. 2, 2007

U.S. Patent

VEc 3dNOld

0 Mourxas

0 AQSlivm

0 X910L

0 dJaavlivm

0 IOLNE

. k— swze —
| 6a[ |8d| _R__ l9d [ 1sa[ |v#a[ (€@ |za[ |ia
(2) (A (eq) (za) (a)

(2Q) 8@ (ca) ()

_xm | X X
oo__ Imﬂ_ _Amﬂ

0 LN N0

3 asaio

L 1INIrAQd

1 aXOv AQH

I 91diOov AQ8

0 AGELNI

_|o SANZINI
_ 0 oLvmg

_oamozoomw




US 7,158,442 B1

Sheet 24 of 36

Jan. 2, 2007

U.S. Patent

dec 3dNOl4

@ ' ONISSOYI A¥YANNOg > I < ONISSOUD AdVYANNOY

R E

]

m ]

_ HLIM QVIN QUIHL [ LNOHLIM Qvad ANOOS _ av3d WILINI
: ! } = QHOM _ xm L
: ! ! sugzz
! ! ! 0
[ i _
[ _ _ €= 31V1S LIvM b
1 ) _
_ I [ 0
I | _
| _ _ 0
| i _
| | _ 0
| | i
! ! _ 0
! . |
[ 1 I
_
_

[0:tlvy

[eliNnOD

[elLNNOD

[¥lLNNOD

[S1INNOD

[9]LNNOD

{21iNNOD

lolaLdHs

[1laLdHs

[ZlaLdHs

[elaLdHs

[PlaLdHs

[slaLdHs



US 7,158,442 B1

Sheet 25 of 36

Jan. 2, 2007

U.S. Patent

Vb2 3¥NoId

1

0 Yo x3a

. —

0  AQ9livm

|

0 Xg719L

0 ¥aaviivm

K— su52z i

L

0 MIOLINI

pig

|6dl |8d| _ND“_ [9a| |sa

|¥a

0 LN

l asao

(@)

(,Q)

(9q)

(cq)

(#Q)

(A)

(A)

£q[2a
m@ (za)

' LNITAQS

I aMOp AQS

| Loy AQ8

0 AGSLINI

[ ] o

0 HANZLNI

MOoLivmg

0 RIANOO3S




US 7,158,442 B1

Sheet 26 of 36

Jan. 2, 2007

U.S. Patent

d¥< 34dNOld

| ONISSOMD ANYANNCE |

- N N ———pt—  1nOuM — P QY3 TVLUNI
_ | QU ANGO3S |
m I z=adom _ xM 4
| _ _ sug'zz
_ _ _ 0
_ _ m
: : : €=31V1S LIVM '
h _ m
: “ : 0
_ _ _
_ _ _ 0
_ _ _
[ m _ 0
| | |
; ” ” 0
_ _ _
[ [ [ [ Lo
[ _
B L i ,
_
| [ S r

lo:Hlvy

[ZLNnoD

[eNnOD

IYLINNOD

[shNnOD

[shNnOD

ZLINnOD

(()=TE T

(laLaHs

[ClatdHs

felaLdHs

¥la1dHs

[slatdHs



US 7,158,442 B1

Sheet 27 of 36

Jan. 2, 2007

U.S. Patent

Va2 34NOld

I

0 g

0 Adaiwvm
X919L

L

_
|

L

|
|

0 daaviivm
MT0LINI

I

I

Lo

_ 0 FYLINITBYTD

@ k— suszz Iv_ | ! asaxin
oral |ea[ ]safl lzaf lea[ |ea lval | xi [ |€a | xi [ | x [ | x[ ¢
(20 (@ ((a a wa © (A) (A (@ (0 (x) (x) i

—

| |

[+ oo acs

L 91dM0y AQg

AQaLINI

0

_
_
!
_
f
_
_
!
1
I
[

_ 0 gANZINI
_ 0 MOolivmg

0 QYANOO3S




US 7,158,442 B1

Sheet 28 of 36

Jan. 2, 2007

U.S. Patent

g5 NI,

NISSOHO AYYANNOA

© ONISSOYO ANVANNOE |

_ ° — ! _
_A| HLIM QY3 QYIHL ]ﬁmﬂﬂﬁ_v\wm ml|v _ Qv TVILINI
@ I ¢=auom _ z¢
: ! ! sug'ze
! _ ! 0
@ @ @
_ [ | € = 3LVIS LivM _
! ! _
! ! ! 0
| @ @
@ @ @ :
_ @ @
@ @ @ :
. i _
_ @ @ :
i | I
g 1 i mik
@ i i
_ | _ , _ _ | _ _ -
| . I
| | | I I R ,
! ! !
||_|_ | _ _ | @ .
! @ |
L | | _ _ [
{ . I
m m m _
_ I I

[0:4lwvy

[2ZlINnOD

[ElLINNOD

[V]INNOD

[SlLNNOD

[9l1NNOD

[Z11INNOD

[olaL4HS

[1laLdHs

[elaLdHs

[elaldHs

TR

[slaLdHs



V9¢ 3dNOI4

0 o3

US 7,158,442 B1

0 Adglivm

0 X9191

0 y¥aavivm

b

TI ug'ze |¥

|
1.0 |oa[— |sa[ |v¥a[ |ed|

0 MIOLINI

0 JYJLINITEMID

e

b as3axno

Sheet 29 of 36

(ear (sa@) (a) (2 (eq)

I LINITAQS

L eMOP AQH

| 81dMOY AQS

Jan. 2, 2007

0 AQELINI

U.S. Patent

0 GANZINI

._|o YOLIVME

0 QYANOD3S




US 7,158,442 B1

Sheet 30 of 36

Jan. 2, 2007

U.S. Patent

'€ ONISSOHD ANVONNOR

d9¢ 34NOld

I

> ONISSOHO ANVANNOY > aQvId TYILINI
| LNOHLIM Qv QdIHL | HLIM Qv3d aNOD3S |
! _ 0=Q4OM I 0
: : : sus'ze
| I |
_ _ i 0
| | I
" _ _ €=31VIS Livm 1
_ “ n

: : 0
I I |
] I | 0
_ | m
_ | i 0
i I 1

: : 0
| |

1

L

]

—

[

[ 1

—

|
|
T
|

fo:ilwy

ZLiNnnOD

[elINNOD

[’INNOD

[SLLINNOD

[BlLNNOD

LLINnOD

[olardHs

[1laidHs

[ZlaidHs

[elaLdHs

Yla14HS

[slaldHs



US 7,158,442 B1

Sheet 31 of 36

Jan. 2, 2007

U.S. Patent

V.c 3dNOld

0 X101 x3

0 AQalivm

0 X9710L

0 ¥aaviivm

[

L

0 MIOLINL

0 JYJLINITEN1D

| o

| [ ]84 _ND_ EAEES | ¥a leal |cal |id [xi| | x[ | x[ + a0
(@ (a» wa) @ K (@) (@ad) Ga &) (x) (x) i

__ _ I Moy Aqd

|

L 91d30Y AQ8

-t

0 AQSLINI

_Io GANZLNI
0 MOLvME

0 GYANOO3S




US 7,158,442 B1

Sheet 32 of 36

Jan. 2, 2007

U.S. Patent

|
ONISSOHI AMVANNO-

g
: 1NOHLIM V3 QHIHL

d.¢ 34N9Old

|
_ ONISSOHD ANVANNOS >
: HLIM av3x ANOD3S : Qv3d TYLLINI

I = QHOM

o

sug'ze

€=31VI1S Livm

[1

[

[ [

_
.
i
i
_
,
i
_
_
r
[
|
.
.
i

| |

fo:lvy

[zlLNnO2

[€lLNNOD

[PlLINNOD

[SltNNOD

[9lLNNOD

{ZLLNNOD

[olaLldHs

{1la1dHs

[clg14HS

[elaLdHS

[Pl8L4HS

(SlgidHs



US 7,158,442 B1

Sheet 33 of 36

Jan. 2, 2007

U.S. Patent

V8¢ 3dNOld

I

0 10173

0 AQglivm

0 X919l

L

L]

0 ¥OavLvm

0 NTOLINI

0 JYLINITEX1D

! 52T — ! !
| [ 1] 1za] lea[ ]sd va[ | 2 [ |ea[ Jeal | x[ | x[ | x[ + as»m
(2@ (9a) (c@y wa) (2 (A) (K)  (ea) (20 AxIv (x) i

@ _ _ __ L 8MOv AqH

I 91di0ovAQd

0 AQELINI

_|c GANZLNI

l_,o MOLlivmg

0 QYaNQ0Od3s




US 7,158,442 B1

Sheet 34 of 36

Jan. 2, 2007

U.S. Patent

d8¢ 3dNold

ONISSOYO A¥YANNOE

ONISSOYO AYVYANNOL '. av3y IVILINI

[ ]

.

S S N O

!

| S | NOHLIM av3N QuIFL > HUM av3d ONOD3S

| I : _

_ I Z=quom [ 4
@ i _ sug'zz

@ _ @ :
| i |

| i _ £=31V.iS LIvM b
@ i i

@ _ | 0
. _ _

| . | °
. n i

_ _ i :
I _ |

i _ | °
m I _

N [ [ [ Lo
| |

{01 lvy

[2lINNOD

[€1LNNOD

[¥lINNOD

[SILINNOD

[91LNNOD

[L1INNOD

folg1dHs

[llgLdHs

(2laLdHs

lelgLdHS

[plaL4HS

[slaL4HS



US 7,158,442 B1

Sheet 35 of 36

Jan. 2, 2007

U.S. Patent

V6¢ 34NOld

]

—

- ]

L

_||o Y1017X3

L

0 AQ9LVM

]

[—

L

L

0 X901

¢ ¥Aavlivm

I |

]
|
-

0 MTOLINI

0 FULLINITENTD

) k— susze —3 ! ! -
_ | [8a| | 44| | 9d | €d | va | Zi | _ >_ 1€d | xi | | x | | x L as;o
(@) (sa) (va) (2) (A) (A) (£) (a). (Xi (x) ()
_ _ j LINIAQE
|_ L @MOY AQg

—

L gLdMor A

0 AQSLINI

|
_
|
.
[
|
.
!
I
.
.

SANTLNI

Lo
_lo YOLIVME

0 QYANO0J3s




US 7,158,442 B1

Sheet 36 of 36

Jan. 2, 2007

U.S. Patent

d6¢ 34NOld

- SChLM Qv QML i S o ooy —» avau ILNI
i _ i
| | £ = HOM ! xw €
| | , P
@ . _ :
! m |
_ | _ £ = ILVLS LIVM L
! | !
! | | 0
i i _
! i _ 0
| _ [
@ u @ :
[ _ |
! _ [ 0
I ” |

1 1 1 Lo

| L

(o' vy

[ZlINNOD

(elLNNOD

[P1ANNOD

[sliNNOD

[91LNNOD

[£1ANNOD

folaLdHs

(Llg14HS

[ZlaLdHs

[€lai4HS

[¥laLdHS

[slaidHs



US 7,158,442 Bl

1
FLEXIBLE LATENCY IN FLASH MEMORY

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to memory devices, and
more particularly, to burst-type flash memory.

2. Background Art

FIG. 1 illustrates a memory structure 50 which includes a
flash memory 52 and a buffer 54. The operation of the
memory structure 50 is described with reference to the
timing diagrams of FIGS. 2-7. In general, a read operation
is undertaken to read data in the memory 52 and provide
such data to the buffer 54. The data provided to the buffer 54
is then clocked out, as an output from the memory structure
50. Successive memory read operations provide successive
data sets to the buffer 54, which are successively clocked out
as outputs from the memory structure 50.

With regard to the following discussion, it will be under-
stood that speeds may vary based on the technology and
architecture of the design. The following are illustrative
examples.

With reference to FIG. 2A, an initial or first read signal
accesses and reads a data set of four data words D0, D1, D2,
D3 in the memory 52, and loads those data words D0, D1,
D2, D3 in the buffer 54. This data set is loaded in the buffer
54 in 55 ns, which is the time needed to boost a word line
associated with the accessing of this data set (15 ns), and to
sense and load the four data words D0, D1, D2, D3 into the
buffer 54 (40 ns). Meanwhile, in this example, an output
clock is running at a frequency of, for example, 80 MHz. In
order to undertake an output operation of the data words D0,
D1, D2, D3, all such data words D0, D1, D2, D3 must be in
the buffer 54, i.e., the read operation of those data words
must be completed prior to undertaking an output operation
thereof. In furtherance thereof, a series of successive initial
time delays (x) of the output operation are included, depen-
dent on the clock frequency, each time delay (x) being equal
to a single clock cycle of the output clock, in this embodi-
ment, 12.5 ns. Thus, in this example, the number of time
delays (x) provided is five (x+x+x+x+x), and each time
delay (x)=12.5 ns for a total of 62.5 ns delay from the
initiation of the read operation, which time of 62.5 exceeds
the read time operation of 55 ns, to ensure that all data words
D0, D1, D2, D3 are in the buffer 54 prior to an output thereof
(FIG. 2A).

After and upon completion of this period of 62.5 ns, data
in the buffer 54 is clocked out as an output from the memory
structure 50, with each data word clocked out in one clock
cycle, i.e., one data word per 12.5 ns. In this example, in the
first output operation, the four data words D0, D1, D2, D3
are successively clocked out, so that the overall output
operation takes 50 ns (as will be further noted, the user may
elect to start the output operation with data word D1, data
word D2, or data word D3). Meanwhile, starting at the
initiation of the output operation of the data words D0, D1,
D2, D3, a second read operation is undertaken, in this
example using the same word line as in accessing the first
data set. Since this word line is already boosted, the 15 ns
period for boosting a word line is not required, and complete
reading of the next set of data made up of data words D4,
D5, D6, D7 requires 40 ns. The second read operation,
initiated at the same time as the start of the output operation
of data words D0, D1, D2, D3, is completed prior to the
completion of the output operation of data words D0, D1,
D2, D3 (40 ns v. 50 ns), and thus all data words D4, D5, D6,
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2

D7 are in the buffer 54 in time for the initiation of output
therefrom immediately upon completion of the output of the
data words D0, D1, D2, D3.

In the second output operation, the four data words D4,
D5, D6, D7 are then successively clocked out, so that overall
the second output operation takes 50 ns. Meanwhile, starting
at the initiation of the output of the data words D4, D5, D6,
D7, a third read operation is undertaken, in this example
using a diftferent word line. A third read signal accesses and
reads a data set of four data words D8, D9, D10, D11 in the
memory 52, and loads those data words D8, D9, D10, D11
in the buffer 54. This data set is provided to the buffer 54 in
55 ns, which is the time taken to boost a new word line
associated with the accessing of this data (11 ns, a word line
boundary crossing condition), and to sense and load the four
data words D8, D9, D10, D11 in the buffer 54 (40 ns). The
third read operation (55 ns), initiated at the same time as the
start of the output operation of the data words D4, D5, D6,
D7, is not completed prior to the completion of this output
operation (50 ns), and all data words D8, D9, D10, D11 are
not in the buffer 54 at completion of the output of the data
words D4, D5, D6, D7, i.e., the third read operation is not
yet complete. In such situation, a time delay (z) is added to
the output cycle at the completion of the output of the data
words D4, D5, D6, D7, equal to a single clock cycle of the
output clock, in this embodiment, 12.5 ns. With the output
of the data words D4, D5, D6, D7 requiring 50 ns, and with
the delay of (z)=12.5 ns added thereto (total of 62.5 ns), the
output of data words D8, D9, D10, D11 will not begin until
after completion of the read operation of data words D8, D9,
D10, D11 (55 ns), ensuring that all data words D8, D9, D10,
D11 are in the buffer 54 prior to initiation of output thereof
from the buffer 54.

FIG. 2B illustrates a situation similar to the illustrated in
FIG. 2A. However, where in FIG. 2A the output from the
buffer 54 started with data word DO, the output from the
buffer 54 in this example starts with data word D1. In the
first output operation, only data words D1, D2, D3 are
successively output, requiring 37.5 ns. The output operation
of the data words D1, D2, D3 is completed prior to comple-
tion of the read operation of the data words D4, D5, D6, D7,
and all data words D4, D5, D6, D7 are not loaded in the
buffer 54 at completion of the output of the data words D1,
D2, D3, i.e., the read operation of data words D4, D5, D6,
D7 is not yet complete. In such situation, a time delay (y) is
added to the output cycle at the completion of the output of
the data words D1, D2, D3, equal to a single clock cycle of
the output clock, in this embodiment, 12.5 ns. With the
output of the data words D1, D2, D3 requiring 37.5 ns, and
with the delay (y) of 12.5 ns added thereto (total of 50 ns),
the output of data words D4, D5, D6, D7 will not begin until
after completion of the read operation of data words D4, D5,
D6, D7 (40 ns), ensuring that all data words D4, D5, D6, D7
are in the buffer 54 prior to initiation of output thereof from
the buffer 54. It will be noted that the situation in regard to
addition of the time delay (z) remains the same.

FIG. 2C illustrates a situation similar to those illustrated
in FIGS. 2A and 2B. However, where in FIG. 2A the output
from the buffer 54 started with data word D0, and in FIG. 2B
the output from the buffer 54 started with data word D1, in
this example the output from the buffer 54 starts with data
word D2. In the first output operation, only data words D2,
D3 are successively output, requiring 25 ns. The output
operation of the data words D2, D3 is completed prior to
completion of the read operation of the data words D4, D5,
D6, D7, and all data words D4, D5, D6, D7 are not loaded
in the buffer 54 at completion of the output of the data words
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D2, D3, i.e., the read operation of data words D4, D5, D6,
D7 is not yet complete. In such situation, a time delay (y+y)
is added to the output cycle at the completion of the output
of the data words D2, D3, y being equal to a single clock
cycle of the output clock, in this embodiment, 12.5 ns. With
the output of the data words D2, D3 requiring 25 ns, and
with the delay (y+y) of 25 ns added thereto (total of 50 ns),
the output of data words D4, D5, D6, D7 will not begin until
after completion of the read operation of data words D4, D5,
D6, D7 (40 ns), ensuring that all data words D4, D5, D6, D7
are in the buffer 54 prior to initiation of output thereof from
the buffer 54. It will be noted that the situation in regard to
addition of the time delay (z) remains the same.

FIG. 2D illustrates a situation similar to those illustrated
in FIGS. 2A, 2B and 2C. However, where in FIG. 2A the
output from the buffer 54 started with data word D0, in FIG.
2C the output from the buffer 54 started with data word D1,
and in FIG. 2B the output from the buffer 54 started with
data word D2, in this example the output from the buffer 54
starts with data word D3. In the first output operation, only
data word D3 is output, requiring 12.5 ns. The output
operation of the data word D3 is completed prior to comple-
tion of the read operation of the data words D4, D5, D6, D7,
and all data words D4, D5, D6, D7 are not loaded in the
buffer 54 at completion of the output of the data word D3,
i.e., the read operation of data words D4, D5, D6, D7 is not
yet complete. In such situation, a time delay (y+y+y) is
added to the output cycle at the completion of the output of
the data word D3, (y) being equal to a single clock cycle of
the output clock, in this embodiment, 12.5 ns. With the
output of the data word D3 requiring 12.5 ns, and with the
delay (y+y+y) of 37.5 ns added thereto (total of 50 ns), the
output of data words D4, D5, D6, D7 will not begin until
after completion of the read operation of data words D4, D5,
D6, D7 (40 ns), ensuring that all data words D4, D5, D6, D7
are in the buffer 54 prior to initiation of output thereof from
the buffer 54. Again, the situation in regard to addition of the
time delay (z) remains the same.

In the typical design, the time delay characteristics
described above are built into the system. That is, if it has
been determined that initial output will take place with the
data word D0, no time delay (y) is provided. On the other
hand, if it has been determined that initial output will take
place with the data word D1, a single time delay (y) will be
provided as described above. Similarly, if it has been deter-
mined that initial output will take place with the data word
D2, a time delay of (y+y) is provided as described above,
and if it has been determined that initial output will take
place with the data word D3, a time delay of (y+y+y) is
provided as described above. Additionally, each time a
different word line is used to access data, a time delay of (z)
is provided as described above. The time delays are built in
to account for an extreme case scenario as illustrated in
FIGS. 2A-2D, in order to ensure that the read operation of
a data set is completed prior to an attempt to output that data
set. However, in designing for such a scenario, these built-in
time delays result in an overall slowdown in the output of
data in situations where such time delays are not needed, as
will now be described.

In the example of FIG. 3A, similar to the example of FIG.
2A, an initial or first read signal accesses and reads a data set
of four data words D0, D1, D2, D3 in the memory 52, and
loads those data words D0, D1, D2, D3 in the buffer 54. This
data set is loaded in the buffer 54 in 55 ns, which is the time
needed to boost a word line associated with the accessing of
this data set (15 ns), and to sense and load the four data
words D0, D1, D2, D3 in the buffer 54 (40 ns). Meanwhile,
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in this example, an output clock is running at a frequency of
57 MHz, slower than in the previous example. In order to
undertake an output operation of the data words D0, D1, D2,
D3, all such data words D0, D1, D2, D3 must be in the buffer
54, i.e., the read operation of those data words must be
completed prior to undertaking an output operation thereof.
In furtherance thereof, a series of successive initial time
delays (x) of the output operation are included, each time
delay (x) being equal to a single clock cycle of the output
clock, in this embodiment, 17.5 ns. Thus, in this example,
the number of time delays (x) provided is four (X+x+x+X),
and each time delay (x)=17.5 ns for a total of 70 ns delay
from the initiation of the read operation, which time of 70 ns
exceeds the read time operation of 55 ns, to ensure that all
data words D0, D1, D2, D3 are in the buffer 54 prior to an
output thereof (FIG. 3A).

After and upon completion of this period of 70 ns, data in
the buffer 54 is clocked out as an output from the memory
structure, with each data word clocked out in one clock
cycle, i.e., one data word per 17.5 ns. In this example, in the
first output operation, the four data words D0, D1, D2, D3
are successively clocked out, so that the overall output
operation takes 70 ns. Meanwhile, starting at the initiation of
the output operation of the data words D0, D1, D2, D3, a
second read operation is undertaken, in this example using
the same word line as in accessing the first data set. Since
this word line is already boosted, the 15 ns period for
boosting a word line is not required, and complete reading
of the next set of data made up of data words D4, D5, D6,
D7 requires 40 ns. The second read operation, initiated at the
same time as the start of the output operation of data words
D0, D1, D2, D3, is completed prior to the completion of the
output operation of data words D0, D1, D2, D3 (40 ns v. 70
ns), and thus all data words D4, D5, D6, D7 are in the buffer
54 in time for the initiation of output therefrom immediately
upon completion of the output of the data words D0, D1, D2,
D3.

In the second output operation, the four data words D4,
D5, D6, D7 are then successively clocked out, so that overall
the second output operation takes 70 ns. Meanwhile, starting
at the initiation of the output of the data words D4, D5, D6,
D7, a third read operation is undertaken, in this example
using a diftferent word line. A third read signal accesses and
reads a data set of four data words D8, D9, D10, D11 in the
memory 52, and loads those data words D8, D9, D10, D11
in the buffer 54. This data set is provided to the buffer 54 in
55 ns, which is the time taken to boost a new word line
associated with the accessing of this data (15 ns), and to
sense and load the four data words D8, D9, D10, D11 into
the buffer 54 (40 ns). The third read operation (55 ns),
initiated at the same time as the start of the output operation
of the data words D4, D5, D6, D7, is completed prior to the
completion of this output operation (70 ns), and all data
words D8, D9, D10, D11 are in the buffer 54 at completion
of'the output of the data words D4, D5, D6, D7, i.e., the third
read operation is complete. However, the time delay (z),
built into the system, is added to the output cycle at the
completion of the output of the data words D4, D5, D6, D7,
equal to a single clock cycle of the output clock, in this
embodiment, 17.5 ns. This time delay (z) is not needed in
this situation, and results in slowing down the output opera-
tion, which, without this time delay (z), could continue with
the output of data words D8, D9, D10, D11 immediately
after completion of the output of the data words D4, D5, D6,
D7.

FIG. 3B illustrates a situation similar to the illustrated in
FIG. 3A. However, where in FIG. 3A the output from the
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buffer 54 started with data word DO, the output from the
buffer 54 in this example starts with data word D1. In the
first output operation, only data words D1, D2, D3 are
successively output, requiring 52.5 ns. The output operation
of the data words D1, D2, D3 is completed after completion
of the read operation of the data words D4, D5, D6, D7 (40
ns), and all data words D4, D5, D6, D7 are loaded in the
buffer 54 at completion of the output of the data words D1,
D2, D3, i.e., the read operation of data words D4, D5, D6,
D7 is complete. However, the time delay (y), built into the
system, is added to the output cycle at the completion of the
output of the data words D1, D2, D3, equal to a single clock
cycle of the output clock, in this embodiment, 17.5 ns. This
time delay (y) is not needed in this situation, and results in
slowing down the output operation, which, without this time
delay (y), could continue with the output of data words D4,
D5, D6, D7 immediately after completion of the output of
the data words D1, D2, D3. It will be noted that the situation
in regard to addition of the time delay (z) remains the same,
i.e., the time delay (z) built into the system is not needed.

FIG. 3C illustrates a situation similar to that illustrated in
FIGS. 3A and 3B. However, where in FIG. 3A the output
from the buffer 54 started with data word D0, and in FIG. 3B
the output from the buffer 54 started with data word D1, the
output in this example starts with data word D2. In the first
output operation, only data words D2, D3 are successively
output, requiring 35 ns. The output operation of the data
words D2, D3 is completed before completion of the read
operation of the data words D4, D5, D6, D7, and all data
words D4, D5, D6, D7 are not loaded in the buffer 54 at
completion of the output of the data words D2, D3, i.e., the
read operation of data words D4, D5, D6, D7 is not
complete. It will be noted that a single time delay (y)=17.5
ns (one output clock cycle) is needed after the output of data
word D3 to insure loading of the data words D4, D5, D6, D7
in the buffer 54 prior to their being clocked out. However,
the time delay (y+y), built into the system, is added to the
output cycle at the completion of the output of the data
words D2, D3, equal to two single clock cycles of the output
clock, in this embodiment, 35 ns. Only one time delay (y) is
needed in this situation, and the inclusion of built in time
delay (y+y) results in slowing down the output operation,
which, with only one time delay (y), could continue with the
output of data words D4, D5, D6, D7 after only one time
delay (y) after completion of the output of the data words
D2, D3. It will be noted that the situation in regard to
addition of the time delay (z) remains the same, i.e., the time
delay (z) built into the system is not needed.

FIG. 3D illustrates a situation similar to that illustrated in
FIGS. 3A, 3B and 3C. However, where in FIG. 3A the
output from the buffer 54 started with data word D0, in FIG.
3B the output from the buffer 54 started with data word D1,
and in FIG. 3C the output from the buffer 54 started with
data word D2, the output in this example starts with data
word D3. In the first output operation, only data word D3 is
output, requiring 17.5 ns. The output operation of the data
word D3 is completed before completion of the read opera-
tion of the data words D4, D5, D6, D7, and all data words
D4, D5, D6, D7 are not loaded in the buffer 54 at completion
of the output of the data words D2, D3, i.e., the read
operation of data words D4, D5, D6, D7 is not complete. It
will be noted that two time delays (y+y)=35 ns (two output
clock cycles) are needed after the output of data word D3 to
insure loading of the data words D4, D5, D6, D7 in the
buffer 54 prior to their being clocked out. However, the time
delay (y+y+y), built into the system, is added to the output
cycle at the completion of the output of the data word D3,
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equal to three single clock cycles of the output clock, in this
embodiment, 52.5 ns. Only two time delays (y+y) are
needed in this situation, and the inclusion of built in time
delay (y+y+y) results in slowing down the output operation,
which, could continue with the output of data words D4, D5,
D6, D7 with only two time delays (y+y) after completion of
the output of the data words D3. It will be noted that the
situation in regard to addition of the time delay (z) remains
the same, i.e., the time delay (z) built into the system is not
needed.

FIGS. 4A-4D are similar to FIGS. 3A-3D but illustrate
an embodiment wherein the output clock runs at 44 MHz, so
that data words are clocked out at 22.5 ns each. In this case,
it will be seen that, similar to the embodiment of FIGS.
3A-3D, no delay (z) is needed. In addition, if the output
from the buffer 54 is started with data word D0, D1 or D2,
no delay (y) is needed, and if the output from the buffer 54
is started with data word D3, only a single delay (y) is
needed.

FIG. 5 illustrates a timing diagram wherein the second
read operation, unlike the previous timing diagrams,
involves a change in word line from the first read operation,
so that the second read operation takes 55 ns instead of 40
ns. The output frequency is provided as 80 MHz, so that
each output cycle takes 12.5 ns. In FIG. 5A, with data output
beginning at data word D0, a time delay (z) must be added
at the completion of the output of the data words D0, D1,
D2, D3, similar to the previous embodiment of FIG. 2A, to
allow for the time of word line boost for the new word line.
In FIG. 5B, with the output starting from data word D1, a
time delay (y), in addition to time delay (z), must be added
at the completion of the output of the data words D1, D2,
D3. In FIG. 5C, with the output starting from data word D2,
a time delay (y+y), in addition to time delay (z), must be
added at the completion of the output of the data words D2,
D3. In FIG. 5D, with the output starting from data word D3,
a time delay (y+y+y), in addition to time delay (z), must be
added at the completion of the output of the data word D3.
Similar to the previous description, the time delays are built
into the system to allow for this extreme case.

It will be seen that in accordance with the analysis, in the
situation where the output clock is run at 57 MHz, so that
each output cycle takes 17.5 ns, with data output beginning
at data word DO (FIG. 6A), no time delays are needed, with
data output beginning at data word D1 (FIG. 6B), one time
delay is needed, with data output beginning at data word D2
(FIG. 6C), two time delays are needed, and with data output
beginning at data word D3 (FIG. 6D), three time delays are
needed. With reference to FIG. 7, with the output clock
running at 44 MHz and with each clock cycle taking 22.5 ns,
with data output beginning at data word D0 (FIG. 7A) or D1
(FIG. 7B), no time delays are needed. With data output
beginning at data word D2 (FIG. 7C), only one time delay
is needed, and with data output beginning at data word D3
(FIG. 7D) only two time delays are needed.

As pointed out above, the built-in time delays result in an
overall slowdown in the output of data in situations where
output frequency is slow and such time delays are not
needed. Therefore, what is needed is an approach in a
memory system wherein delays of the type described above
are optimized.

DISCLOSURE OF THE INVENTION

Broadly stated, presented herein is a method of reading
data in and outputting data from a memory structure includ-
ing a buffer. The method comprises undertaking a first read
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operation to read a first set of data in the memory structure
and provide data of the first set of data to the buffer, using
an output clock, undertaking a first output operation provid-
ing data read in the first read operation from the buffer,
undertaking a second read operation to read a second set of
data in the memory structure and provide data of the second
set of data to the buffer, using the output clock, undertaking
a second output operation providing data read in the second
read operation from the buffer, and, in the event that the
completion of the first output operation would occur prior to
the completion of the provision of the data of the second set
of data to the buffer, a flexible time delay approach is
undertaken, so that between the completion of the first
output operation and the beginning of the second output
operation, the minimum number of latencies is added as
needed to insure that the provision of the data of the second
set of data to the buffer is completed prior to the initiation
of the second output operation.

The present invention is better understood upon consid-
eration of the detailed description below, in conjunction with
the accompanying drawings. As will become readily appar-
ent to those skilled in the art from the following description,
there is shown and described an embodiment of this inven-
tion simply by way of the illustration of the best mode to
carry out the invention. As will be realized, the invention is
capable of other embodiments and its several details are
capable of modifications and various obvious aspects, all
without departing from the scope of the invention. Accord-
ingly, the drawings and detailed description will be regarded
as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth in the appended claims. The invention itself,
however, as well as said preferred mode of use, and further
objects and advantages thereof, will best be understood by
reference to the following detailed description of an illus-
trative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 illustrates an embodiment of memory structure;

FIGS. 2A-2D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at a first output
frequency for a first set of data operations in accordance with
the prior art;

FIGS. 3A-3D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at a second output
frequency for the first set of data operations in accordance
with the prior art;

FIGS. 4A—4D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at a third output
frequency for the first set of data operations in accordance
with the prior art;

FIGS. 5A-5D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at the first output
frequency for a second set of data operations in accordance
with the prior art;

FIGS. 6 A—6D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at the second output
frequency for the second set of data operations in accor-
dance with the prior art;

FIGS. 7A-7D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at the third output
frequency for the second set of data operations in accor-
dance with the prior art;

FIG. 8 is a flow diagram illustrating operation of the
present invention;
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FIGS. 9A-9D are timing diagrams illustrating the opera-
tion of the memory structure of FIG. 1 at the first output
frequency for a first set of data operations in accordance with
the present invention;

FIGS. 10A-10D are timing diagrams illustrating the
operation of the memory structure of FIG. 1 at the second
output frequency for the first set of data operations in
accordance with the present invention;

FIGS. 11A-11D are timing diagrams illustrating the
operation of the memory structure of FIG. 1 at the third
output frequency for the first set of data operations in
accordance with the present invention;

FIGS. 12A-12D are timing diagrams illustrating the
operation of the memory structure of FIG. 1 at the first
output frequency for a second set of data operations in
accordance with the present invention;

FIGS. 13A-13D are timing diagrams illustrating the
operation of the memory structure of FIG. 1 at the second
output frequency for the second set of data operations in
accordance with the present invention;

FIGS. 14A-14D are timing diagrams illustrating the
operation of the memory structure of FIG. 1 at the third
output frequency for the second set of data operations in
accordance with the present invention.

FIGS. 15-21 illustrate implementation of circuitry in
accordance with the present invention;

FIG. 22 includes FIGS. 22A and 22B and illustrates
orientation of FIGS. 22A and 22B, which FIGS. 22A and
22B illustrate a comprehensive first timing diagram of the
circuitry of FIGS. 15-21;

FIG. 23 includes FIGS. 23A and 23B and illustrates
orientation of FIGS. 23A and 23B, which FIGS. 23A and
23B illustrate a comprehensive second timing diagram of the
circuitry of FIGS. 15-21;

FIG. 24 includes FIGS. 24A and 24B and illustrates
orientation of FIGS. 24A and 24B, which FIGS. 24A and
24B illustrate a comprehensive third timing diagram of the
circuitry of FIGS. 15-21;

FIG. 25 includes FIGS. 25A and 25B and illustrates
orientation of FIGS. 25A and 25B, which FIGS. 25A and
258 illustrate a comprehensive fourth timing diagram of the
circuitry of FIGS. 15-21;

FIG. 26 includes FIGS. 26A and 26B and illustrates
orientation of FIGS. 26A and 26B, which FIGS. 26A and
26B illustrate a comprehensive fifth timing diagram of the
circuitry of FIGS. 15-21;

FIG. 27 includes FIGS. 27A and 27B and illustrates
orientation of FIGS. 27A and 27B, which FIGS. 27A and
278 illustrate a comprehensive sixth timing diagram of the
circuitry of FIGS. 15-21;

FIG. 28 includes FIGS. 28A and 28B and illustrates
orientation of FIGS. 28A and 28B, which FIGS. 28A and
28B illustrate a comprehensive seventh timing diagram of
the circuitry of FIGS. 15-21; and

FIG. 29 includes FIGS. 29A and 29B and illustrates
orientation of FIGS. 29A and 29B, which FIGS. 29A and
298 illustrate a comprehensive eighth timing diagram of the
circuitry of FIGS. 15-21.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Reference is now made in detail to a specific embodiment
of the present invention which illustrates the best mode
presently contemplated by the inventors for practicing the
invention.
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Referring again to FIG. 1, there is illustrated a memory
structure 50 which includes a flash memory 52 and a buffer
54. In general, a read operation is undertaken to read data in
the memory 52 and provide such data to the buffer 54. The
data provided to the buffer 54 is then clocked out, as an
output from the memory structure 50. Successive memory
read operations provide successive data sets to the buffer 54,
which are successively clocked out as outputs from the
memory structure 50. In the present situation, the operation
of the memory structure 50 is illustrated by the flow chart of
FIG. 8 and with reference to the timing diagrams of FIGS.
9-14. As will be seen, contrary to the previous examples,
time delays are included only as needed.

FIGS. 9-11 illustrate timing diagrams wherein change of
word line occurs after the second read. Referring to FIG. 9A,
an initial or first read signal accesses and reads a data set of
four data words D0, D1, D2, D3 in the memory 52, and loads
those data words D0, D1, D2, D3 in the buffer 54. This data
set is loaded in the buffer 54 in 55 ns, which is the time
needed to boost a word line associated with the accessing of
this data set (15 ns), and to sense and load the four data
words D0, D1, D2, D3 into the buffer 54 (40 ns). Meanwhile,
in this example, an output clock is running at a frequency of
80 MHz. In order to undertake an output operation of the
data words D0, D1, D2, D3, all such data words D0, D1, D2,
D3 must be in the buffer 54, i.e., the read operation of those
data words must be completed prior to undertaking an output
operation thereof. In furtherance thereof, a series of succes-
sive initial time delays (x) of the output operation are
included, each time delay (x) being equal to a single clock
cycle of the output clock, in this embodiment, 12.5 ns. Thus,
in this example, the number of time delays (x) provided is
five, and each time delay (x)=12.5 ns for a total of 62.5 ns
delay from the initiation of the read operation, which time of
62.5 ns exceeds the read time operation of 55 ns, to ensure
that all data words D0, D1, D2, D3 are in the buffer 54 prior
to an output thereof (FIG. 9A).

After and upon completion of this period of 62.5 ns, data
in the buffer 54 is clocked out as an output from the memory
structure 50, with each data word clocked out in one clock
cycle, i.e., one data word per 12.5 ns. In this example, in the
first output operation, the four data words D0, D1, D2, D3
are successively clocked out, so that the overall output
operation takes 50 ns. Meanwhile, starting at the initiation of
the output operation of the data words D0, D1, D2, D3, a
second read operation is undertaken, in this example using
the same word line as in accessing the first data set. Since
this word line is already boosted, the 15 ns period for
boosting a word line is not required, and complete reading
of the next set of data made up of data words D4, D5, D6,
D7 requires 40 ns. The second read operation, initiated at the
same time as the start of the output operation of data words
D0, D1, D2, D3, is completed prior to the completion of the
output operation of data words D0, D1, D2, D3 (40 ns v. 50
ns), and thus all data words D4, D5, D6, D7 are in the buffer
54 in time for the initiation of output therefrom immediately
upon completion of the output of the data words D0, D1, D2,
D3.

In the second output operation, the four data words D4,
D5, D6, D7 are then successively clocked out, so that overall
the second output operation takes 50 ns. Meanwhile, starting
at the initiation of the output of the data words D4, D5, D6,
D7, a third read operation is undertaken, in this example
using a different word line. A third read signal accesses and
reads a data set of four data words D8, D9, D10, D11 in the
memory 52, and loads those data words D8, D9, D10, D11
in the buffer 54. This data set is provided to the buffer 54 in
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55 ns, which is the time taken to boost a new word line
associated with the accessing of this data (15 ns), and to
sense and load the four data words D8, D9, D10, D11 into
the buffer 54 (40 ns). The third read operation (55 ns),
initiated at the same time as the start of the output operation
of the data words D4, D5, D6, D7, is not completed prior to
the completion of this output operation (50 ns), and all data
words D8, D9, D10, D11 are not in the buffer 54 at
completion of the output of the data words D4, D5, D6, D7,
i.e., the third read operation is not yet complete. In such
situation, a time delay (z) is needed and added to the output
cycle at the completion of the output of the data words D4,
D5, D6, D7, equal to a single clock cycle of the output clock,
in this embodiment, 12.5 ns. With the output of the data
words D4, D5, D6, D7 requiring 50 ns, and with the delay
of (z)=12.5 ns added thereto (total of 62.5 ns), the output of
data words D8, D9, D10, D11 will not begin until after
completion of the read operation of data words D8, D9, D10,
D11 (55 ns), ensuring that all data words D8, D9, D10, D11
are in the buffer 54 prior to initiation of output thereof from
the buffer 54.

FIG. 9B illustrates a situation similar to the illustrated in
FIG. 9A. However, with output from the buffer 54 starting
with data word D1 rather than data word D0. In the first
output operation, only data words D1, D2, D3 are succes-
sively output, requiring 37.5 ns. The output operation of the
data words D1, D2, D3 is completed prior to completion of
the read operation of the data words D4, D5, D6, D7, and all
data words D4, D5, D6, D7 are not loaded in the buffer 54
at completion of the output of the data words D1, D2, D3,
i.e., the read operation of data words D4, D5, D6, D7 is not
yet complete. In such situation, a time delay (y) is needed
and added to the output cycle at the completion of the output
of the data words D1, D2, D3, equal to a single clock cycle
of the output clock, in this embodiment, 12.5 ns. With the
output of the data words D1, D2, D3 requiring 37.5 ns, and
with the delay (y) of 12.5 ns added thereto (total of 50 ns),
the output of data words D4, D5, D6, D7 will not begin until
after completion of the read operation of data words D4, D5,
D6, D7 (40 ns), ensuring that all data words D4, D5, D6, D7
are in the buffer 54 prior to initiation of output thereof from
the buffer 54. It will be noted that the situation in regard to
addition of the time delay (z) remains the same.

FIG. 9C illustrates a situation similar to those illustrated
in FIGS. 9A and 9B. However, in this example the output
from the buffer 54 starts with data word D2. In the first
output operation, only data words D2, D3 are successively
output, requiring 25 ns. The output operation of the data
words D2, D3 is completed prior to completion of the read
operation of the data words D4, D5, D6, D7, and all data
words D4, D5, D6, D7 are not loaded in the buffer 54 at
completion of the output of the data words D2, D3, i.e., the
read operation of data words D4, D5, D6, D7 is not yet
complete. In such situation, a time delay (y+y) is needed and
added to the output cycle at the completion of the output of
the data words D2, D3, (y) being equal to a single clock
cycle of the output clock, in this embodiment, 12.5 ns. With
the output of the data words D2, D3 requiring 25 ns, and
with the delay (y+y) of 25 ns added thereto (total of 50 ns),
the output of data words D4, D5, D6, D7 will not begin until
after completion of the read operation of data words D4, D5,
D6, D7 (40 ns), ensuring that all data words D4, D5, D6, D7
are in the buffer 54 prior to initiation of output thereof from
the buffer 54. It will be noted that the situation in regard to
addition of the time delay (z) remains the same.

FIG. 9D illustrates a situation similar to those illustrated
in FIGS. 9A, 9B and 9C. However, in this example the
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output from the buffer 54 starts with data word D3. In the
first output operation, only data word D3 is output, requiring
12.5 ns. The output operation of the data word D3 is
completed prior to completion of the read operation of the
data words D4, D5, D6, D7, and all data words D4, D5, D6,
D7 are not loaded in the buffer 54 at completion of the output
of the data word D3, i.e., the read operation of data words
D4, D5, D6, D7 is not yet complete. In such situation, a time
delay (y+y+y) is needed and added to the output cycle at the
completion of the output of the data word D3, y being equal
to a single clock cycle of the output clock, in this embodi-
ment, 12.5 ns. With the output of the data word D3 requiring
12.5 ns, and with the delay (y+y+y) of 37.5 ns added thereto
(total of 50 ns), the output of data words D4, D5, D6, D7 will
not begin until after completion of the read operation of data
words D4, D5, D6, D7 (40 ns), ensuring that all data words
D4, D5, D6, D7 are in the buffer 54 prior to initiation of
output thereof from the buffer 54. Again, the situation in
regard to addition of the time delay (z) remains the same.

In the example of FIG. 10A, similar to the example of
FIG. 9A, an initial or first read signal accesses and reads a
data set of four data words D0, D1, D2, D3 in the memory
52, and loads those data words D0, D1, D2, D3 in the buffer
54. This data set is loaded in the buffer 54 in 55 ns, which
is the time needed to boost a word line associated with the
accessing of this data set (15 ns), and to sense and load the
four data words D0, D1, D2, D3 into the buffer 54 (40 ns).
Meanwhile, in this example, an output clock is running at a
frequency of 57 MHz, slower than in the previous example.
In order to undertake an output operation of the data words
D0, D1, D2, D3, all such data words D0, D1, D2, D3 must
be in the buffer 54, i.e., the read operation of those data
words must be completed prior to undertaking an output
operation thereof. In furtherance thereof, a series of succes-
sive initial time delays (x) of the output operation are
included, each time delay (x) being equal to a single clock
cycle of the output clock, in this embodiment, 17.5 ns. Thus,
in this example, the number of time delays (x) provided is
four, and each time delay (x)=17.5 ns for a total of 70 ns
delay from the initiation of the read operation, which time of
70 ns exceeds the read time operation of 55 ns, to ensure that
all data words D0, D1, D2, D3 are in the bufter 54 prior to
an output thereof (FIG. 10A).

After and upon completion of this period of 70 ns, data in
the buffer 54 is clocked out as an output from the memory
structure, with each data word clocked out in one clock
cycle, i.e., one data word per 17.5 ns. In this example, in the
first output operation, the four data words D0, D1, D2, D3
are successively clocked out, so that the overall output
operation takes 70 ns. Meanwhile, starting at the initiation of
the output operation of the data words D0, D1, D2, D3, a
second read operation is undertaken, in this example using
the same word line as in accessing the first data set. Since
this word line is already boosted, the 15 ns period for
boosting a word line is not required, and complete reading
of the next set of data made up of data words D4, D5, D6,
D7 requires 40 ns. The second read operation, initiated at the
same time as the start of the output operation of data words
D0, D1, D2, D3, is completed prior to the completion of the
output operation of data words D0, D1, D2, D3 (40 ns v. 70
ns), and thus all data words D4, D5, D6, D7 are in the buffer
54 in time for the initiation of output therefrom immediately
upon completion of the output of the data words D0, D1, D2,
D3.

In the second output operation, the four data words D4,
D5, D6, D7 are then successively clocked out, so that overall
the second output operation takes 70 ns. Meanwhile, starting
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at the initiation of the output of the data words D4, D5, D6,
D7, a third read operation is undertaken, in this example
using a diftferent word line. A third read signal accesses and
reads a data set of four data words D8, D9, D10, D11 in the
memory, and loads those data words D8, D9, D10, D11 in
the bufter 54. This data set is provided to the bufter 54 in 55
ns, which is the time taken to boost a new word line
associated with the accessing of this data (15 ns), and to
sense and load the four data words D8, D9, D10, D11 into
the buffer 54 (40 ns). The third read operation (55 ns),
initiated at the same time as the start of the output operation
of the data words D4, D5, D6, D7, is completed prior to the
completion of this output operation (60 ns), and all data
words D8, D9, D10, D11 are in the buffer 54 at completion
of'the output of the data words D4, D5, D6, D7, i.e., the third
read operation is complete. However, in the present situation
the time delay (z), not needed and not built into the system,
is not added to the output cycle at the completion of the
output of the data words D4, D5, D6, D7 as in the previous
corresponding example (FIG. 3A). With the time delay (z)
not included, unnecessary slowing down of the output
operation avoided, and the output operation continues with
the output of data words D8, D9, D10, D11 immediately
after completion of the output of the data words D4, D5, D6,
D7.

FIG. 10B illustrates a situation similar to the illustrated in
FIG. 10A. However, the output from the buffer 54 in this
example starts with data word D1. In the first output
operation, only data words D1, D2, D3 are successively
output, requiring 52.5 ns. The output operation of the data
words D1, D2, D3 is completed after completion of the read
operation of the data words D4, D5, D6, D7, and all data
words D4, D5, D6, D7 are loaded in the buffer 54 at
completion of the output of the data words D1, D2, D3, i.e.,
the read operation of data words D4, D5, D6, D7 is com-
plete. However, the time delay (y), not needed and not built
into the system, is not added to the output cycle at the
completion of the output of the data words D1, D2, D3, as
in the corresponding previous example (FIG. 3B). Thus,
unnecessary slowing down of the output operation is
avoided, and continues with the output of data words D4,
D5, D6, D7 immediately after completion of the output of
the data words D1, D2, D3. It will be noted that the situation
in regard to addition of the time delay (z) remains the same,
i.e., the time delay (z) is not needed and not included.

FIG. 10C illustrates a situation similar to that illustrated
in FIGS. 10A and 10B. However, the output in this example
starts with data word D2. In the first output operation, only
data words D2, D3 are successively output, requiring 35 ns.
The output operation of the data words D2, D3 is completed
before completion of the read operation of the data words
D4, D5, D6, D7, and all data words D4, D5, D6, D7 are not
loaded in the buffer 54 at completion of the output of the data
words D2, D3, i.e., the read operation of data words D4, D5,
D6, D7 is not complete. It will be noted that only a single
time delay (y)=17.5 ns (one output clock cycle) is needed
after the output of data word D3 to insure loading of the data
words D4, D5, D6, D7 in the buffer 54 prior to their being
clocked out. Only one time delay (y) is needed in this
situation, rather than the two (y+y) of the previous corre-
sponding example (FIG. 3C), and so only a single time delay
(v) is so added, avoiding the delay of the second time delay
(v). The output operation can continue with the output of
data words D4, D5, D6, D after only one time delay (y) after
completion of the output of the data words D2, D3. It will
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be noted that the situation in regard to addition of the time
delay (z) remains the same, i.e., the time delay (z) is not
needed and not included.

FIG. 10D illustrates a situation similar to that illustrated
in FIGS. 10A, 10B and 10C. However, the output in this
example starts with data word D3. In the first output
operation, only data word D3 is output, requiring 17.5 ns.
The output operation of the data word D3 is completed
before completion of the read operation of the data words
D4, D5, D6, D7, and all data words D4, D5, D6, D7 are not
loaded in the buffer 54 at completion of the output of the data
words D2, D3, i.e., the read operation of data words D4, D5,
D6, D7 is not complete. It will be noted that two time delays
(y+y)=35 ns (two output clock cycles) are needed after the
output of data word D3 to insure loading of the data words
D4, D5, D6, D7 in the buffer 54 prior to their being clocked
out. Only two time delays (y+y) are needed in this situation,
so only time delay (y+y) is included, and not time delay
(y+y+y) as in the previous corresponding example (FIG.
3D). Thus, the output operation can continue with the output
of data words D4, D5, D6, D7 with only two time delays
(y+y) after completion of the output of the data words D3.
It will be noted that the situation in regard to addition of the
time delay (z) remains the same, i.e., the time delay (z) is not
needed and is not included.

FIGS. 11A-11D are similar to FIGS. 10A-10D but illus-
trate an embodiment wherein the output clock runs at 44
MHz, so that data words or clock out at 22.5 ns each. In this
case, it will be seen that no delay (z) is needed or included.
In addition, if the output from the buffer 54 is started with
data word D0, D1 or D2, no delay (y) is needed or included,
and if the output from the buffer 54 is started with data word
D3, only a single delay (y) is needed and included.

FIGS. 12-14 illustrate timing diagrams wherein the sec-
ond read operation involves a change in word line from the
first read operation, so that the second read operation takes
55 ns instead of 40 ns. The output frequency is provided as
80 MHz, so that each output cycle takes 12.5 ns. In FIG.
12A, with data output beginning at data word D0, a time
delay (z) is added at the completion of the output of the data
words D0, D1, D2, D3, to allow for the time of word line
boost for the new word line. In FIG. 12B, with the output
starting from data word D1, a time delay (y), in addition to
time delay (z), is added at the completion of the output of the
data words D1, D2, D3. In FIG. 12C, with the output starting
from data word D2, a time delay (y+y), in addition to time
delay (z), is added at the completion of the output of the data
words D2, D3. In FIG. 12D, with the output starting from
data word D3, a time delay (y+y+y), in addition to time
delay (z), must be added at the completion of the output of
the data word D3.

It will be seen that in accordance with the analysis, in the
situation where the output clock is run at 57 MHz, so that
each output cycle takes 17.5 ns, with data output beginning
at data word DO (FIG. 13A) no time delays are needed or
included. Furthermore, with data output beginning at data
word D1, time delay (z) is included and no time delay (y) is
needed or included, with data output beginning at data word
D2, time delay (z) is included and only a single time delay
(y) is needed and included, and with the output beginning at
data word D3, time delay (z) is included and only two time
delays (y+y) are needed and included.

With reference to FIG. 14, with the output clock running
at 44 MHz and with each clock cycle taking 22.5 ns, with
data output beginning at data word D0 (FIG. 14A) or D1
(FIG. 14B), time delays are not needed and not included.
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The time delay (), it will be seen, is included when the data
output begins at data word D2 (FIG. 14C) or at data word D3
(FIG. 14D). Furthermore, with data output beginning at data
word DO (FIG. 14A), D1 (FIG. 14B) or D2 (FIG. 14C), no
time delay (y) is needed or included. With data output
beginning at data word D3 (FIG. 14D), only a single time
delay (y) is needed and included.

The above cited features are implemented through the
circuitry illustrated in FIGS. 15-21, accompanied by
examples of illustrative timing diagrams of FIGS. 22 and 23.

The overall circuitry (FIGS. 15-21) is made up of AND
gates, NAND gates, OR gates, NOR gates, and inverters
connected as shown.

Referring to FIG. 15, CLKB_INITpre is the internal clock
signal which allows a new read operation to start. INITCLK
and EX_1CLK signals feed into this combinational logic to
pulse CLKB_INITpre at the correct time. Previously, INIT-
CLK and EX_1CLK inputs were SHFT(4) and SHFT(5)
respectively. SHFT(n) output would determine the total
number of words that have been read out. This would always
cause CLKB_INITpre to be asserted after 4 data words have
been read (or 4 words plus 1 time delays for change of word
line condition, which is the worst-case scenario). In accor-
dance with the invention, CLKB_INITpre will be asserted
after N words (N=1, 2, 3 or 4) have been read during the
second read (SECONDRD=H) which is determined by
INITCLK, or 4 words (or 4 words+1 latency) for a subse-
quent read (SECONDRD=L) which is determined by
EX_1CLK (4 words+1 latency is only enabled for operation
at 5 or more time delays (x)). At other wait state settings,
EX_1CLK will be transparent by having WS567=L block
TGL6XB from generating BDY_4CKB. The user sets the
proper time delay (x) number based on the external clock
frequency.

With reference to FIG. 16, INITCLK is used to pulse
CLKB_INITpre under certain conditions depending on the
initial word address which is decoded by RA[1:0] and the
number of time delays(x) set by the user based on the
external clock frequency, COUNT (7:2). INITCLK will
always be high after N words (N=1, 2, 3 or 4) have been
output during the second read (SECONDRD=H) and always
after 4 words for subsequent read (SECONDRD=L).

Regarding FIG. 17, EX_1CLK is high to add one extra
time delay if word line change occurs. This occurrence will
also be based on the initial word address and number of time
delays (x).

With reference to FIG. 18, STCLK is the internal stop
clock signal. This signal is high to stop the data output clock
when initial time delays (y) are asserted, which is deter-
mined by WAITADDR, or word line change time delay (z),
which is determined by WAITBDY. WAITADDR is gated
with SECONDRD because initial time delay (y) only occurs
during the second read.

With reference to FIG. 19, WAITADDR determines the
initial time delay during the second read. Previously, WAIT-
ADDR would be asserted based only on the initial word
address. If the initial read address began at word (i) (i=0 to
3), then there would always be a minimum of (i) clock cycle
time delays following the output of word 3. This would
ensure that there is enough time to read the second set of
words before outputting data. In accordance with the inven-
tion, WAITADDR is only high when the initial word address
starts at (i) word 1,word 2, or word 3 for 5 time delays (x),
(i1) word 2 or word 3 for 4 time delays (x), or (iii) word 3
for 3 time delays (x). There is no WAITADDR for 2 time
delays because COUNT(2)=H will always force WAIT-
ADDR to low. This will optimize the initial wait state
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latency according to initial word address and time delays (x)
chosen. WAITADDR will then cause STCLK to go high to
stop the data output clock from outputting data.

Referring to FIG. 20, WAITBDY high indicates that the
read is not finished. One extra time delay is needed to ensure
that the subsequent set of words read has enough time to be
sensed before outputting data. TGL6X high indicates that
reading of the current set of words requires extra time due
to the changing of word lines. Previously, WAITBDY would
be asserted once the word line change occurs. In accordance
with the present invention, WAITBDY will only be asserted
under certain conditions based on the initial word address
and time delays chosen. If the word line change occurs
during the second read (SECONDRD=H), WAITBDY is
asserted when the initial word address starts at (i) word 0,
word 1, word 2, or word 3 for 5 time delays, (ii) word 1,
word 2, or word 3 for 4 time delays, (iii) word 2 or word 3
for 3 time delays, or (iv) word 3 for 2 time delays. If a word
line change occurs after the second read (SECONDRD=L),
no extra latency is needed unless the device is operated at 5
or more time delays (x). WAITBDY will then cause STCLK
to go high to stop the data output clock from outputting data.

Referring to FIG. 21, WS567 is high if 5, 6 or 7 time
delays (x) are chosen.

With reference to FIGS. 22-25 (wherein a change in word
line (boundary crossing) occurs after the second read opera-
tion), and the circuitry of FIGS. 15-21, the user, based on the
clock cycle speed (in this example single clock cycle=22.5
ns), sets COUNT][3] high, thereby selecting 3 time delays
(x). In addition, the user selects the initial data word to be
output from the buffer (RA[1:0]), in this example, data word
DO for FIG. 22, data word D1 for FIG. 23, data word D2 for
FIG. 24, or data word D3 for FIG. 25. In signal SHFTB,
clock pulses are counted and reset by signal CLKB_INIT-
pre. The signal SECONDRD differentiates between the
second read and subsequent reads, the importance of which
is discussed above. The signal TGL6X indicates that the read
operation on the current set of words may require additional
time due to a boundary crossing, the importance of which is
again discussed above. The output of the circuitry of FIG. 19
determines the number of time delays (y) to be added.

Actual time delays are noted in the appropriate FIGS.
22A, 22B, 22C, 22D, positioned under the CLKESD signal,
while the time delays of the prior art are noted above the
CLKESD signal in parenthesis.

With reference to FIGS. 26-29 (wherein a change in word
line (boundary crossing) occurs during the second read
operation), and the circuitry of FIGS. 15-21, the user, based
on the clock cycle speed (again in this example single clock
cycle=22.5 ns), sets COUNT[3] high, thereby selecting 3
time delays (x). In addition, the user selects the initial data
word to be output from the buffer (RA[1:0]), in this example,
data word DO for FIG. 26, data word D1 for FIG. 27, data
word D2 for FIG. 28, or data word D3 for FIG. 29. In signal
SHFTB, clock pulses are counted and reset by signal CLK-
B_INITpre. The signal SECONDRD differentiates between
the second read and subsequent reads. The signal TGL6X
indicates that the read operation on the current set of words
may require additional time due to a boundary crossing. The
output of the circuitry of FIG. 19 determines the number of
time delays (y) to be added.

Actual time delays are noted in the appropriate FIGS.
25A, 26A, 27A, 28A, positioned under the CLKESD signal,
while the time delays of the prior art are noted above the
CLKESD signal in parenthesis.

It will be seen that in the present method only those time
delays needed in the specific situation are included, i.e., the
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a minimum number of added output clock cycles needed to
ensure proper operation of the memory structure 50. There-
fore, the method causes the memory structure 50 to output
data in a more rapid and efficient manner than in the prior
art.

The foregoing description of the embodiment of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Other modifications
or variations are possible in light of the above teachings.

The embodiment was chosen and described to provide the
best illustration of the principles of the invention and its
practical application to thereby enable one of ordinary skill
of'the art to utilize the invention in various embodiments and
with various modifications as are suited to the particular use
contemplated. All such modifications and variations are
within the scope of the invention as determined by the
appended claims when interpreted in accordance with the
breadth to which they are fairly, legally and equitably
entitled.

What is claimed is:

1. A method of reading data in and outputting data from
a memory structure comprising:

undertaking a first read operation to read a first set of data

in the memory structure;

using an output clock, undertaking a first output operation

to output data of the first set of data from the memory
structure;

undertaking a second read operation to read a second set

of data in the memory structure;

using the output clock, undertaking a second output

operation to output data of the second set of data from
the memory structure; and

in the event that the completion of the first output opera-

tion would occur prior to the completion of the second
read operation, adding, between the completion of the
first output operation and the beginning of the second
output operation, the minimum number of output clock
cycles needed to insure that the second read operation
is completed prior to the initiation of the second output
operation.

2. The method of claim 1 wherein the first output opera-
tion is initiated after completion of the first read operation.

3. The method of claim 1 wherein the second read
operation is undertaken during the first output operation.

4. The method of claim 1 and further comprising a third
read operation using an access line of the memory structure
which is different from an access line of the memory
structure used in the second read operation.

5. The method of claim 1 and further comprising a third
read operation using an access line of the memory structure
which is the same access line of the memory structure used
in the second read operation.

6. The method of claim 1 wherein the memory structure
comprises a buffer 54, wherein through each read operation,
data is provided to the buffer, and wherein through each
output operation, data is provided from the buffer.

7. The method of claim 1 wherein the second read
operation uses an access line of the memory structure
different from an access line of the memory structure used
in the first read operation.

8. The method of claim 1 wherein the second read
operation uses an access line of the memory structure which
is the same access line of the memory structure used in the
first read operation.
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9. A method of reading data in and outputting data from
a memory structure including a buffer, comprising:

undertaking a first read operation to read a first set of data
in the memory structure and provide data of the first set
of data to the buffer;

using an output clock, undertaking a first output operation
providing data read in the first read operation from the
buffer;

undertaking a second read operation to read a second set
of data in the memory structure and provide data of the
second set of data to the buffer;

using the output clock, undertaking a second output
operation providing data read in the second read opera-
tion from the buffer; and

in the event that the completion of the first output opera-
tion would occur prior to the completion of the provi-
sion of the data of the second set of data to the buffer,
adding, between the completion of the first output
operation and the beginning of the second output
operation, the minimum number of output clock cycles
needed to insure that the provision of the data of the
second set of data to the buffer is completed prior to the
initiation of the second output operation.
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10. The method of claim 9 wherein the first output
operation is initiated after completion of the first read
operation.

11. The method of claim 10 wherein the second read
operation is undertaken during the first output operation.

12. The method of claim 9 and further comprising a third
read operation using an access line of the memory structure
which is different from an access line of the memory
structure used in the second read operation.

13. The method of claim 9 and further comprising a third
read operation using an access line of the memory structure
which is the same access line of the memory structure used
in the second read operation.

14. The method of claim 9 wherein the second read
operation uses an access line of the memory structure
different from an access line of the memory structure used
in the first read operation.

15. The method of claim 9 wherein the second read
operation uses an access line of the memory structure which
is the same access line of the memory structure used in the
first read operation.



